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OBJECY

To evaluate the effects spoe lumisosity produced by iarodaciag the
impurities Ag", Ca™", and I joas into the crystal lattice of potassius
Ferchlocate whes this compowad is incocpocated into 2 higk eaeryy faelf
oxidaat flash syste=.

SUMMARY

The effects of as oxidaat containiag added impurities seck as Ap¥,
Ca™, 28d I” jons wpon the Isaisosity of flash systems were tested in ti.
followiag bleads:

1. FPS00 (60/40 pctassiem perchlorate/alumiava) photoflask com-
position for sea level applications

2 FP790 (30/20/59} calcium/aleminem [potassiun perchlorate)
photoflash composition for Ligh altinsde applications

3. FP855 (31/20/49 alsmisss/calcion flsoride/potassium perchio-
rate) high altitede flash compositioa

All tests were performed at sea level or 2t 20.9 ma Hy, simalatiag
80,000 feet sktivade,® sad at the temper=rare prerailing at the Pyrotechaic
Laboratory High Altitede Taak.

The system 40/60 alemiasm/potassiom perchlorate doped with Ag*,
Cs**, ot I joas exhibited no increase ia laminozs efficizacy over 2 non-
doped coatrol ar ambieat coaditioas. At 80,000 feet, increas=3 efficiencies
were achieved wiih the doped systems, but the results could not be veri-
fied in a secoad sesies of tests.

Tithia the systems 30/20/50 caicien/aleaissa/pocassins perchlcrate
and 31/20/49 alemines/calciem fleociie /potassinm perchiorzre, the com-
positions coacaisiag potassiws perchlorate doped with Ag* icas showed
the preatest iscreases is luminoss efficiencies, rasgiag sg to 27.0% sad
29.4% respectively at 80,000 fr. However, neither system gave verifiable
results oa reiest whea the metk ™ of Sopiag was stepped up from Ixbora-
tocy to piloc plast scale.

The above systems Joped with Cu** and I jocs gave results dhat were
either not vetifisble or else exhibited lower efficieacy values. Ia the case
of the Cu** ide, which was iatrodsced as che perchiorate, there wis 3a
wndesitable reaction between its water of hriraticr aad calciva.

.kéisrqaa&ms"as-nﬁ;“ sod “50,000 feec”” e woed lacercagenbly.
AIl aiticades me simalzied, not scral.
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hamkgdemmduofﬁgﬁims from 1 to 2 mole perceat did
sot izpeov= the luminows efficiencies of the systexs in which they were
csed.

INTRODUCTION

The program owtlined ia this report was scrgested by the results ob-
wined by Freeman et al (Refs i, 2, and 3) workiag with irradiated sad non-
uradisted ssmples of smmocsinm perchlionate 353 samples of doved 2ad wa-
doped potassium perchlorate is combieation witk certain feels (Ref 4). k
was fosad that segirradiated potsssies perchlorate decomposes 2t lower
temperateres is the preseace of magaesivs aaf al:aines if the porassiox
perchlorate is set pare but contains small quaatizies of silver, cupric, or
jodide icas. In stedies of 2 blead of 26/90 magaesinc/potsssiem perchle-
rate the igaition temperatere was reduced from 5157C to 500°C when dhe
potassiem perchlorate was doped xich one mole prreeat silves peschlorase.
The time to ignition for the silver Zoped composition was sppreximately
half of that ebcrained with the noadoped o pire systess (Ref 51 I £0/60
alomisen /potassien perchlocace, decomposicoa of the gotassism percile-
rate (as determined by botk TGA 2ad DTA cechzigees) begas a5 580°C.
Thea doped with enc mele percent sifrer perchiorate, the potassion per-
chiorate stacted 2o decompose at 508°C, bw éid nok ignite. Is boch cases,
it was pestulered thet the silver ioa provides cuciei for ceaction. lt was
alse fosad thet, in the presence of Cepsic aad fodide Joas, the decomposi-
tion of bech smmenien sad potassiea perchlorste is considerably eabaaced.
This fiadiag was strritsted to the low electron affiaity sad polasizabiliey
of the iodide ion 283 to che ability of the Cupxic iea (0 sct 33 an clectron
beidze is 28 electron trassfer mechanism of decomposition. la view of the
Mﬁﬁcmmiﬁe-kmdiﬁidﬁum&at&am
imperities, it was ceasidered desirable co deterine whether the perform-
ance characteristics of flash compositions coataisiag potassiue perchlo-
rate may be alered by dopisg the pocassiem perchionate with these catiosic
aad aaicalc impurities.

The purpose of the preseat iavestigation ¥as (o deternice whether there
is a relacionship betweea the ceactivity of doped systeas a8l the lasinos-
ity results obtaised at both sea level and simslated high altitedes.




RESULTS

Tables 1 tiwough 3 (pp 12 chrogzh I£) coatais all che parameters meas-
wr=d to deteraine the averzze Ienisoss cfficiencices, &= canileseconis per
rram, of che photoflzsh syscems costed. fa each grown ie woper figares ace
average valees aad the lower figmres e e raage of valses.

Table I (Nos. I—4), p 12, lists the CIE reseks for the £0760 aluminen/
potassiem perchlocate syscexs. Al Zoped pecchiocates used in chese tests
were prepaced on 2 Iaboratocy scale in onc-powsd idts and test fired due-
ing Jume 1960.

Tabic 2 (p 13} lists sthe CIE valees for coaflinaatery tests wics the
40/60 aleminem/potassion perchiocace system coataisiag labocacocy pre-
paced doped perchiecates (Nos. 5-8). This sabie slse shews adéional
valees oltstacd for FP 793 3ad FP $55 systecs comtsiniag calcion and
calcien flestide (Nos. $-15). These Kens were wested s Sarch I96L

Table 3 (Nes. M~23) tsts che CIE vaines obezincd for the FP 790 and
FP 856 systems, and theie doped vazizats This takle Sifers from Tabie 2
is thae the doped perchlecates were poepaced is five-povad fnes on 2 pilae
plast scale. Theee items wexe Fired in Scpeember 1961

Table 4 (p 15) conpases the axerage cllicicacies of all the systems
tested, showiag the percestage intrease of cack system is going from
ambicat te 80,909 feee, and givizp the scrcentage increase relaxive o the
contrel system st both anbicat saé 82,000 feer.

Table S {p 35 5 lists the fiction peadzinm 2ad inpact seasitivicy ressits
for the systens waser iawessigatioa

Figwre I (p 17) depicts typical average sime vs Iemiacws inteasity carves
derived at both sea lovel aad 80,000 fect sinciaed altitude for the sys-
tems evaleazed.

DISCUSSION OF RESULTS

For purposes of discassion, oely the average efficieacies nced be re-
ferred to. Heace, Table 4 =ill be reviswsd ia decail.

The leminosity resalts givea ia Tabls 4 foc the 40760 aleninsn/porassian
perchlonate composition (Nos. [—4) weree oftaised wath doped perchforates

ik
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thae were pregace? oa = bxdenitacy scats aal ceef Srmiag Jome 1955 &s
examiewise of the tetal averzge officiiacies o B5.000 feat riveals Boghee
valess foc dirfoped systens wiss ciogdess o leir Cowrnets, e.g., 555,
5,639, aai £,430 caatiestoeaisigram for stiver pecciloocs, &agcic per-
chlotace, sui porassien iedile, respeceivedy, zgainst £.390 qaloatenisf
gﬂfs&nﬁg&ﬂm?&:&;ﬁ,hﬁrﬁ.mw
overiap wikk che contref {Fadde |, Nos. I pEZL Ac 5oz Bovel, tlinze
were no icreases is efficiency eves tie 7,330 casiEcseonlsi s valet
Mlﬁ&mﬂmmkﬂkmzaﬁsgﬁ'&
the tocal efficicicy valers snd mee the 555 maxinan effciocy valits
were examincs_ This was deat Secsase sslcegusas Exz was alesieed by
meaas of 2a elecrrasic iategrater thae compares saly che tecaf 3oz snler
-the CIE corve. Table £ (p 15) alse shew's the gerceacspe farrrases o i
creases eicaiact in the 60780 sysrew. The sttver and Cogper dogof per-
a¢ 82,000 feer. The sotsssann iolile dopeé srsten {Ne. £ victici eudy 2
2.3% iacresse.

Teo veniy the perceinage increases ackierz =5 the 2745 2Senpranl
peisssive peechierste system anf o tew Seped pestilscanes wich e
eches systems, FP 790 00/ 23/55 caliion/sianiess/potsssion gorciis-
ratc) ané FP 856 G20 §9 slenison’/Calcion flawiic/pacassion peccils-
raee), aew batches of doped peechidrsees weve geepared on 2 Baluracacy
scaie. Table £ (Nos. 5-15) comtmas efficioncy £33 om these srsions o5
caimed duriag Mocch 1961 at ses Ievel and 32,995 feet_

The 6574) pecassinn perchiorstc/slomann congeszisas cosaising

onifaat Soped wikh Ag®, Ca®e, aof I-ious (Nos. § 7, 2} exiihzed Ectle
oc me iacTease ik fehinesizy ever 2 sraleped coaxrs] sywrem ales costes
3¢ sndieat coaizias Ar 55,000 feer stmmlwes aliwale, che Soged syuten
agsin shewed mo inczease aver Gae contral, anf all sy3fers gave lower

valwes ie Hple owpar a2 3irk altivede thue cocrespoeiie: sysrems fived

wader sea fevel omiisas.

Thae FP 790 systen BAF 2355 calcion/alonssen/pocassion percilocxe}
wihk | mele perves silver prrchlscate was woed. The Ivevagpe officieney
of the coaral (No. 9 wax-2230 coaScsecsais/pram ¢ 522 level 20l
15600 cxnfieseceaisiran a0 55 000 frec. The acter Sigere cegresemts 32
izcrease of 1225 over sex level For the FP 720 system comtaisisg pocae
sten perchiarare dogerd with I mele orcese siiver pevchlizone Mo, 13},
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the efficiencies obtained were 8,200 candleseconds/gram at sea level,
and 14,700 candleseconds/gram at 80,000 feet, showing an increase of
79% over sea level. This system, however, exhibited an efficiency increase
of 58% over the control at sea level and of 27% over the control at 80,000
fret. In this series of tests it was noted that the FP 790 silver perchlo-
rate doped system was superior in sea level efficiency to the standard
60/40 potassium perchlorate/aluminum system (8,200 and 5,200 candle-
seconds/gram, respectively). This is a reversal of past observation where
the performance of the 60/40 potassium perchloratesaluminum at sea ievel’
has always been superior to that of a nondoped FP 790 system. The po-
tassium iodide doped system (No. 11) showed no increase over the control
at either sea level or altitude. The use of cupric perchlorate doped po-
tassium perchlorate in the FP 790 composition was dropped because of
reactivity between metallic calcium and the hydrated cupric perchlorate.

The control system FP 883 (31/20/49 aluminum/calcium fluoride/
potassium perchlorate) gave efficiencies of 2,200 and 4,700 candlesec-
onds/gram at sea level and high altitude, respectively (Table 4, No. 12).
This tepreseats an increase of 112% at high altitude. This system doped
with 1 mole percent silver perchlorete {No. 13) gave efficiencies of 2,800
and 6,000 candleseconds/gram at sea level and 80,000 feer, respectively.
The 1,800 candleseconds/gram figure represents 2 decrease in sfficiency
at sea level when compared with the control, but 6,000 candleseconds/
gram at 80,000 feet represents s 27% increase over the high altitude con-
trol due to the presence of the dopast, and a 232% increase over the sea
level value of 1,800 candleseceads/gram.

The two other doped oxidant systems evaluated in the FP 883 system,
cupric perchlorate doped potassium percMorate (Na. 14) and potassium
iodide doped potassium perchlorate (No. 15), proved either erratic in per-
formance or were not significastly more efficient than their respective
controls.

To obtain additional quantities of doped perchlorates for the purpose of
substantiating past results and in anticipation of larger scale production,
S-pound batches of doped potassium perchiorate were prepared on a plant
scale and additionai smaller batches of doped petchlorates were prepared
on a laboratory scale. It was found that cthe different preparations varied
in average particle size. For example, laboratory receystallized potassium
perchlorate was 60 microns in average particle size, The same material
after doping was about 82 microns. However, the second laboratory
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preparation yielded 94-micron recrystallized potassium perchlorate and
82-micron silver-doped potassium perchlorate. The plant-produced re-
crystallized potassium perchlorate and the cotresponding doped materials
ranged from 86 to 120 microns. All preparations, coasequently, were
sceeened and ball milled to a pacticle size of approximately 50 microns
to insure constant density during loading of the Poppy cartridges. Table 4
(p 15) lists the results obtained during September 1961 with che plant
preparations (Nos. 16-23). Two additional systems, one designed to test
the effect of doubling the silver perchlorate dopant concentration to

2 mole percent (Nos. 39 aad 23) and the othet ga test the effect produced
upon the System by the exposure of the silver peechlotate doped perchlo-
rate t light for eight hours (Nes. 18 and 22), ace also listed. The light
exposure should result in the reduction of silver ians to wmetallic silver.

Consideting the system FP 790 {30/20/50 eaiciva/slumiaym/potassium
perchlorate) first, it is seen thor the 1 mole percent silver perchlorate
doped system (No. 17) gave increases over the centrsl of 8.5% 3t sea
level and 3.2% at 80,000 faet. These resules do not sgrec wick the 58%
and 27% increases over the respeciive contecls previsusly ohtained with
this system (No. 10). The light-etpzasd system deped with 1 molc percent
silver perchlorate (No. 18) yiclded increases of 8.5% sad 10.7% over the
respective conteols at sea level sad high altiude. The system doped with
2 mole percent silver perchloeste (No. 19} shoued ae efficieacy iacrease
over controls at éither ses level ot high siitude.

An examination of the FP 8853 (31/20/4% sluminem/calcivm fluotide/
potassium pecchlorate) composition dsta shows that the system doped with
1 mole percent silver pecchlotate (No. 21) failed to give sufficient tight
to record. These resuits did not sgrce with che previous evaluation of this
system (No. 13) in which the efficiencies averaged 6,000 candleseconds/
geam at 80,000 feet, an increase of 27% over the control. The light-exposed
system doped with 1 mole percent silver petchiorate (No. 22) gave results
which closely paralleled those previously obtained for the same non-light-
exposed composition (No. 13), with an increase at high altitude of 29%
over the control. As with the FP 790 composition, the system doped with
2 mole percent silver perchlorate (No. 23) showed no etficiency increase
over the controls at either sea level oc high altitude.

Sensitivity to impact and friction was determined for the doped and non-
doped systems but no definite relationship between sensitivity and doping
was apparent (Table 5, p 16).
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Figure 1 (p 17) shows the configuration of some average time-intensity
curves derived from the initiation of laboratory blends of dop=d perchlo-
rate systems and their controls in the Poppy cartridge. Because different
calibration factors are used in determining peak intensities, these curves
cannot be directly compared. However, by reference to Tables 1-3 (pp 12

~14), the average times to peak, peak intensities, integral light values,
and durations may be found.

Examination of the time-intensity profiles for the systems studied re-
veals the following:

40/69 aluminum/potassium perchlorate. The peak is greater and
duration longer at 80,000 feet simulated alticude. The integral tight, how-
ever, is greater at sea level because the cutve is broader a pea® inteasity.
It can be assumed that at 80,000 feee the cooling rate is faster and there
is a steep drop in irtensity before the curve gradually levels off.

40/60 aluminum/potassiem perchiorste, § mole percent silver per-
chiorate doped. At sea level, this system reveais ¢ broad cutve. M
80,000 feet, th=re is a sharp peak followed by repid cooling. Again the
broad curve at sea level offsets the tonger durmion st 80,009 feet to give
greater integeal light.

40/60 alymiaym/potassium perchlorace, 1 mole percent cuptic per-
chlorate doped. Although che dutation is semeshet greater x 80,000 feet,
thete is 2 broader cutve at ses level 35 ool as 2 higher peak and conse-
quently 2 greatee integeal lighe.

40/60 aluminum/potassive perchlorate, 1 mole percent petassium
iodide doped. The peak intensities ace comparable at sea ievel and
80,000 feet. At sea l=vel there is 3 broader cerve then st 80,000 feet, where
cooling is depicted by a sharp drop in the curve. The integral tight is
greater at sea level than at 80,000 feee.

30/20/50 calcium/aluminem/potassium perchlorate. The integeal
light for this system is greater at 86,000 feet than at sea lavel. The broad
curve at sea level does not compensate for the high peak and longer dura-
tion at 80,000 feet. Again, at high altitude, there is rapid cooling and
gradual capering off.

30/20/50 calcium/aluminum/potassium perchlorate, 1 mole percent
silver perchlocate doped. This system has a greater peak inten-ity, duration,
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and integral light at 80,000 feet than it does at sea level. These values
are greater than those for the nondoped control previously describzad.

30/20/50 calcium/aluminum/potassium perchlorate, 1 mole percent
potassium iodide doped. Thet= is 2 broad curve at sea level but the peak
intensity and duration at 80,000 feet account for a greater integral light.
There is rapid cooling of very shore duration followed by gradual tapering
off.

31/20/49 aluminum/calcium fivoride/potassium perchlorate. Because
of higher peak intensity and longer duration, the integral light is greater
at 80,000 feet. Thete are no shaep peaks at either elevation.

31/20/49 aluminum/calcium fluotide/potassium perchlorate, 1 mole
percent silver perchlorate doped. Tkis system has a higher peak intensity,
duration, and integral light at 83,000 feet thaa it does at sea level. These
values are aise greater cham corespoading vslucs for the control. Again,

no sharp peaks are presemt.

31/20/49 alumioum/calcivm fluoride/potassium perchlorate, 1 mole
percent cupric perchlocate doped. Tiis system was very erratic ac
80,000 feet. The one corve obtained st altstude t2aded to peak sharply.

31/20/49 aluminum/calciym flusride/potassium perchlorate, 1 mole
percent potassium iodide doped. The configueation of both curves at sea
level and 80,000 feet s similar. However, an examination of the peak in-
tensity, duration, and integral light reveals that these values are greater
at 80,000 feet.

CONCLUSIONS

1. It can be hypothesized that new nucleation sites formed by impurities
affect the rate-governing factors for solid-solid reactions.

2. The purity of materials and the manner in which the dopant is intro-
duced into the oxidant seem to be factors controlling the luminosity output
of Ag* ion doped perchlorates, particr:-¢ly ac §0,002 feet. This is indi-
cated by the results obtained with both laboratory and plant scale prepara-
tions (e.g., 100-gram and 5-pound lots). In one instance, laboratory
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preparations for the 60/40 potassium perchlocate/aluminum in hich the
oxidant was doped with Ag* ion gave luminosity increases of 25% when
compared to the control at 80,000 fee:. However, this finding could nct be
duplicated in 2 second experiment.

3. The systems containing the light-exposed 1 mole percent silver par-
chlorate were more efficient at 80,000 feet than systems containing non-
light-exposed doped oxidant. The low order performance of the aluminum/
calcium fluoride/potassium perchlorate doped with 1 mele petcent silver
perchlorate as well as the considerably poerer luminesity data obtained
on the cetest of the similarly doped calcium/aluminem/potassium perchio-
rate system cannot at preseat be esplained.

4. Sensitivity to impact and friction for che doped systems did not fol-
Iow any set pattern. Ignition temperstuse values, however, are reported to
be lower for the doped perchlorates (Ref 3).

5. The usual trend of the superior luminosity chacactetistics of 60/40
potassium perchlorate/aluminum when compared to the FP 790 system
(39/20/59 calcium/aluminum/pozassium perchiorate) at ses level was re-
versed when Az~ ion doped perchlorate was used (5,900 to 7,300 aad
8,200 candiescconds/gram. respectively)

6. Cvidentiy a critical concentration is nccessary for doping perchlo-
rates. A silver fon concentration dertved from 2 mole peccent silver per-
chlocate proves l=ss efficient thar 2 concemtration from 1 mole percent
silver p=rchlorate.

RECOMMEND ATIONS

It is cecommended that:

1. The evaluation of dopants be coatinued in flash and flare com-
positions. Ia addition, the effects of aging, parcicle size, and particle
sutface should be determined.

2. The activation energies for doped and nondoped perchlorates be
determined and correlated, if possible, with luminous outputs in flash
systems.
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EXPERIMENT AL PROCEDURES
Preporation of Motetials

Potassium perchlorate (1.0 g/100 cc) was dissolved in distilied water
at 100°C. The solution was filtered while hot chrough fine filt=r paper and
the funnel was kept warm by meaas of a heating mantle. The filtrate was
then placed in an ice bath and precipitated with constant stirring. The
supernatant was then descanted, aed the rectystallized perchlorate was
air dried for one hour and ovea dried overaight at 100-110°C.

The recrystallized potassiem perchiorate was thea dissolved in distilled
warer and heated to 199°C. One mele percen of the doping mz-erial was
introduced into the solution mith niring end the solution was then evapo-
rated to dryness. Afcer deying overnight st 133-110°C the salt was genly
ground and stored in browe beecles. ¥here necessary, pawicle sizes were
determined and adjusted to 50 microns by ball mitling.

Blending end Loeding Procodmres

Compositions wete dry blended sad lended into Poppy cartridges in ac-
cordance with sequence of opetation PACE Ng. 5, Scretember 1957, and all
cattridges were loaded comotely o accardsace with Loading Beasch Se-
quence T 102{-2~11-9. Each careriige comzived & 200-mg Icad azide
chacge ac the base of & shert Jelay dolamn consisting of 90/10 bacium
chromate/boron. Initistion was predeced by mesns of x squib.

Testing

All cartridges were tested in the Pyrotechaics Laboratory” s simulated
high altitude chamber. The items were fired at right angle to the photocell.
An oscilloscope with a high-speed comera attachment was used to record
the photocell output as a function of time. An imtcgrator was used to com-
pute the incegeal light.

Motericls
The following materials were used:

1. Calcium, atomized, 36 micron, Valley Metallurgical Processing
Company

2. Potassium perchlotate, teagent geade, Fisher Scientific Company

12




3. Aluuinum, atomized, 15 micron, Allied Chemical Company

4. Poppy photoflash castridge, Drawing number CXP-111207,
December 8, 1959

P R AR A

5. Silver perchlorate (anhydrous), G. F. Smith Chemical Company

6. Poiassium jodide {Fishker Centified, A.C.S.), Fisher Scientific
Company .

7. Cupric perchlotate (hydrated) (Fisher Certified), Fisher Scientific
Company
8. Calcium fluctide, reagent grade, ]. T. Baker Chemical Company.
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